Introduction
Positive wage returns to an undergraduate degree persist, despite significant recent increases in the number of graduates (Blanden & Macmillan, 2014) . In an intergenerationally mobile society, admission to university would depend principally on the efforts and abilities of the individual rather than the socio-economic status (SES) of their parents (Blanden, Gregg, & Macmillan, 2007; Crawford, Johnson, Machin, & Vignoles, 2011) . We also know that returns to a degree vary considerably by type of university (Britton, Dearden, Shephard, & Vignoles, 2016; Chevalier & Conlon, 2003; Hussain, McNally, & Telhaj, 2009 ) and by degree subject choice (Walker & Zhu, 2011 , Britton et al. (2016 ), so if social mobility is to increase, it is important that those from less privileged backgrounds are able to attend the types of institutions and take the subjects conferring higher returns. There is clear evidence that those from lower SES backgrounds and state schools rather than private schools remain under-represented at university generally and at highly selective universities in particular (Anders, 2012; Chowdry, Crawford, Dearden, Goodman, & Vignoles, 2013; Sullivan, Parsons, Wiggins, Heath, & Green, 2014) . The raw participation gap by SES does seem to be reducing for university generally over the last ten years, but more slowly for highly selective universities, and is increasing for the top quintile by achievement at Key Stage 5 (A-level) (Crawford, 2012) .
What is it about coming from a lower SES background that means students are less likely to go to a highly selective university? The main barrier seems to be lower school attainment (Anders, 2012; Chowdry, Crawford, Dearden, Goodman, & Vignoles, 2013; Crawford, Macmillan, & Vignoles, 2015; Marcenaro-Gutierrez, Galindo-Rueda, & Vignoles, 2007) but even after prior attainment is taken into account some effect of SES on highly selective university attendance remains (Anders, 2012; Crawford, 2012) , suggesting that other factors may also be important. One such factor is A-level subject choice; applicants to highly selective universities may apply with good grades, but in the 'wrong' subjects (Russell Group, 2012) . Helping able lower SES students make the 'right' choices might be a relatively easy way to increase their chances of attending a highly selective university.
Working out which are the 'wrong' A-level subjects is not straightforward. There were 96 separately certified A-levels available for English students to take in 2014/15. The Russell Group of 24 large, highly selective universities has since 2011 published annual guidance entitled 'Informed Choices' (Russell Group, 2011) on A-levels it considers helpful for admission to its member institutions. It suggests a list of 'facilitating' subjects (maths, sciences, modern and classical languages, English literature, history and geography). Its argument is that the more of these subjects chosen at age 16+, the more course options will be available at Russell Group universities when students make their applications in their final year (year 13) or afterwards. Counting all languages separately, facilitating subjects account for 33 of the 96 possible A-levels available for teaching in 2014/15. There is a lack of centralised information about the remaining subjects. I have therefore produced a taxonomy, based on the published preferences of Russell Group universities derived from 'Informed Choices', published lists of five Russell Group universities which make public statements about the general acceptability of a range of A-levels, and admissions pages for Russell Group courses in subjects related to Alevels, for which the A-level might plausibly provide useful preparation (Dilnot, 2015) . This (Jackson & Jonsson, 2013) . Whitty, Hayton, and Tang (2015) suggest that the experiences and cultural capital of students from lower SES backgrounds are likely to affect their capacity to navigate educational pathways, which may be particularly problematic in the context of elite university entry. One of the ways in which such students may not 'know the ropes' (p44) is the necessity to choose appropriate A-level subjects that will keep options open, probably some considerable time before decisions about particular universities and courses are made.
I contribute to the literature by using my A-level taxonomy to investigate the largely unresearched relationship between SES and choice of A-levels, using linked administrative data from the National Pupil Database (NPD) for three cohorts of students taking A-levels in England from 2010 to 2012, and taking into account school differences, using first single level then fixed effects models. Illumination of the pathways through which SES status is linked with subject choice will help schools provide appropriate information, advice and guidance (IAG) to students making subject choices, and will provide evidence to university admissions teams considering A-level subject course requirements, so contributing to a reduction in inequality of elite university entry. I proceed in this paper by discussing the literature on the relationship between subject choice and social background, followed by setting out the methods and data. The last section includes a discussion of results, some conclusions and next steps.
The relationship between A-level subject choice and SES
The literature on subject choices at age 14+ has covered a wide range of GCSE subjects (for example Davies, Telhaj, Hutton, Adnett, and Coe (2008) and Iannelli (2013) ) whilst that on Alevel choice to date has largely concentrated on the uptake of STEM (Science, Technology, Engineering, Mathematics) subjects, partly because of the perceived economic need for a workforce trained for the predicted increase in STEM based occupations, and also because of concern over the lack of diversity in those choosing STEM subjects at A-level. Much of this work is concerned with the gender gap in subject choice, but there is also evidence of a relationship with SES. Gorard, See and Smith (2008) , in a systematic review of patterns of science participation from the literature and in an analysis of NPD data (Gorard and See, 2009 ), find students eligible for free school meals significantly less likely than their more privileged peers to take maths and science at A-level. Gill and Bell (2013) find a small reduction in the probability of taking A-level physics for pupils living in areas with low car ownership (although not for other measures of deprivation) once prior attainment is controlled for, and other studies find relationships between the uptake of A-level maths and SES (Cheng, Payne, & Witherspoon, 1995; Sharp, Hutchison, Davis, & Keys, 1996) . Vidal Rodeiro (2007) examines reasons for subject choice across all A-level subjects and finds that reasons for making particular subject choices, and the subjects chosen both relate to parents' occupational class. The children of higher managers and lower managers/professionals are significantly less likely to take at least two science subjects than the children of higher professionals, but the children of higher managers are more likely to take the business related subjects of accounting, business and economics. Manual workers' children are significantly less likely to take a foreign language A-level, but no parental occupation effect is observed for taking two 'less effective preparation' subjects. No theoretically driven classification of subjects in terms of efficacy of subjects in highly selective university admission was used in this analysis; instead content based groupings of science, language, business, vocational, technologies, creative arts, established humanities and newer humanities were used, together with the 'less effective preparation' list that was then in use by Cambridge University (but has since been withdrawn). The study was of a random stratified sample of 60 schools, with a response rate of 40% from the students within the schools, and did not aim to make estimates generalizable to the population. More recently, a longitudinal study of 3000 students followed since age 3 finds bright but disadvantaged students much less likely to take at least one facilitating A-level subject than their bright but more advantaged peers (Toth, Sammons, & Sylva, 2015) . Using NPD data for 2014, Gill (2015b) provides prima facie evidence of gaps in the take up of individual A-level subjects and in numbers of facilitating subjects by social background (measured using the Income Deprivation Affecting Children Index) and school type. I contribute to the literature in this area by using NPD data to analyse the choices by social background of all students taking A-levels in three recent cohorts, taking into account school and individual level characteristics.
Literature on the choices made by students in other countries is difficult to translate generally to the English context as it tends to concentrate on the effect of tracked systems rather than choices at age 16, but provides potentially generalizable insights. In a study in the Netherlands, Van de Werfhorst (2002) finds children from working class backgrounds likely at age 12 to choose technical and commerce related subjects available within the vocational rather than general school track. Such subjects are classified as 'less suitable' for highly selective university entry in the UK context, despite their more obvious links to careers than subjects in other categories. As Davies, Qiu, and Davies (2014) suggest from work on university aspirations, cultural capital can help make sense of labour market information, and students from less privileged backgrounds might be less willing to take subjects not obviously linked to a career because they and their parents lack the knowledge that access to a career may not necessarily be via the most obvious route, and that choices maximising their entry chances to a highly selective university might be better for their long term career goals than taking an A-level in a particular career-related subject.
Indications therefore exist in the literature that there are social class effects in uptake of facilitating subjects. The evidence on other subjects is mixed and requires further analysis; there does seem to be an effect for some such subjects (for example accounting and business studies) but not for all of the Cambridge less effective preparation list taken together, once academic attainment is controlled for (Vidal Rodeiro, 2007) . The full extent of the pathways by which SES might have an effect on subject choice is as yet unclear. I therefore ask the following questions.
Research questions
1. Are there differences in the proportions of English state school students choosing facilitating or 'less suitable' A-levels by social background, before adjusting for any other characteristics?
2. How much of these differences is explained by prior attainment and choice of GCSE subjects? 3. Is any remaining difference in subject choice by social background accounted for by the observed characteristics of schools, into which students of similar social background tend to be selected? 4. If both observed and unobserved characteristics of schools (such as school ethos and quality of IAG) are taken into account, are there still differences in subject choice by social background?
Methods I use the taxonomy to investigate the relationship between social background and choice of Alevels for students at English state schools and 6th form and further education colleges as SES data is largely unavailable for students at private schools. A-level outcomes are based on my classification of A-levels. Based on Russell Group advice that students wishing to keep their options open for admission to the largest number of courses at their member universities should do at least two facilitating subjects, categorical outcome variables are observed for students with grades A* to U in at least two facilitating subjects (the facilitating outcome). The second outcome is whether students chose at least two subjects from the 'more limited suitability' and 'less effective preparation' categories combined (the 'less suitable' outcome). 'More limited suitability' subjects are those where at least one Russell Group member publishes reservations about the subject as appropriate preparation, but on the other hand it is described as useful, recommended or essential for at least one Russell Group course. 'Less effective preparation' subjects are those where reservations are expressed on at least one general list, and no Russell Group courses in related subjects describe the subject as useful, recommended or essential. Only a small number of candidates enter for 'less effective preparation' subjects and all but three of these subjects are in the process of being withdrawn in current A-level reforms (Ofqual, 2014) . I therefore combine them with 'more limited suitability subjects. Figure 1 shows that only a very small proportion of Russell Group entrants hold at least two 'less suitable' subjects, which suggests that they may be unhelpful for entry to Russell Group courses, and so investigating their relationship with student background is valuable. The full list of A-levels in each category is given in Table S1 , which also indicates those to be withdrawn.
The outcomes examined are dichotomous, and might generally be modelled using binary logistic regression. To answer the fourth research question, the unobservable effects of schools on subject choices are examined through the use of a fixed effect model. Binary logistic fixed effect models for the full sample do not converge as there are some 2,200 school fixed effects to estimate. I therefore adopt the approach used by Chowdry et al. (2013) who note that where the probability of an outcome is between 0.25 and 0.75, linear probability models give a close approximation to the logit model. In the case of the facilitating subject choice outcome the probability is 0.44. For the second outcome the probability is 0.23. This is slightly outside the suggested limits, but robustness checks of a fixed effect logit model on a smaller sample suggest the same substantive conclusions as the linear probability model. The use of robust standard errors deals with the problem of heteroskedastic residuals. I therefore use linear probability models throughout, so that coefficients are interpreted as the increase in probability of a student taking at least two facilitating subjects, or at least two more limited suitability/less effective preparation ('less suitable') subjects, for a unit increase in the variable of interest, all else equal. In models 1 to 3 the data are analysed at the disaggregated level. The grouping of students within schools is taken into account by using clustered standard errors.
Model 1 shows the relationship between social background and subject choice without taking any account of the pathways through which the association might be mediated. I then control for individual observable characteristics that may contribute to the association. These are added in four blocks. Model 2a includes confounding demographic variables, likely to be associated both with SES and subject choice, but not forming part of the pathway from SES to choice (ethnicity, gender, region, English as additional language (EAL), special educational needs (SEN) status).
Prior attainment is then taken into account (models 2b-2d), as evidence suggests students with high prior attainment are more likely to choose maths and science subjects (all facilitating subjects) at A-level (Gill & Bell, 2013; Vidal Rodeiro, 2007) , and conversely the lower their scores at GCSE the more likely students are to choose newer or vocational subjects (Vidal Rodeiro, 2007) , all of which are included in the 'less suitable' outcome. This is consistent with work by Coe, Searle, Barmby, Jones, and Higgins (2008), whose work suggests that subjects in the facilitating category are on average more difficult than the mean, and those I classify as "less suitable" category are largely easier. suggest that, in the context of science subjects, having high prior attainment is likely to mean students are prepared to take hard subjects, both because they think they will succeed at them and because schools may have threshold GCSE results for these subjects at A-level. Many 'less suitable and some 'useful' subjects are not commonly taught at GCSE making the imposition of threshold scores less likely, and so opening up the subject to students with lower attainment. Given that both attainment at GCSE and the choice of subjects (the English EBacc of core academic subjects that are likely to be necessary preparation for the study of many facilitating A-level subjects) is related to SES (Allen, 2015; Sammons et al., 2014; Vidal Rodeiro, Sutch, & Zanini, 2013) it is likely that one of the ways social class is associated with subject choice, particularly of facilitating subjects, is through differential prior attainment and choice. Attainment controls are added sequentially in models 2b to 2d to gain understanding of the relative importance of attainment at age 11 and 16, and the role of having made particular GCSE choices at age 14.
I next take into account the observable characteristics of schools (model 3). Schools can influence students' A-level subject choices in a variety of ways, most obviously by either providing particular subjects or not. There are large differences between the proportion of schools offering particular subjects by school type: facilitating subjects are offered by higher proportions of selective state (grammar) schools than comprehensives and further education (FE) colleges; the converse is generally true of 'less suitable' subjects; and 6 th form colleges tend to offer many subjects across all categories, because of their large A-level cohorts. Differences also exist in some subjects by school gender and size, and also mean school attainment, with larger proportions of higher attaining schools offering broadly more facilitating and fewer 'less suitable' subjects (Gill, 2015a) . Vidal Rodeiro (2007) notes that independent and grammar schools offer fewer of the vocational and newer subjects introduced in the early 2000s with the aim of broadening the A-level curriculum. School type has been shown to have an effect on subject choice, with students from selective maintained schools, independent schools and colleges being more likely to take science A-levels, those in further education and tertiary colleges arts, social sciences and humanities, and from comprehensive schools a mixture (Vidal Rodeiro, 2007) . The mechanism by which this happens is not clear and no account was taken of the choice set provided by type of school. I therefore control for a vector of school level variables relating to breadth of subject choice selectivity, school type, size of the Alevel cohort and school gender. These school level characteristics may act as pathways mediating the relationship between SES and subject choice, but this has not been examined to date. They are related to background as different types of students are found in different schools.
Model 3 includes only those school level variables that are observed in the data. A review of the literature by Bennett, Braund, and Sharpe (2013) in the context of STEM subject uptake suggests that a range of unobservable school level characteristics may play a part in subject choice. These include school ethos, leadership and management, curriculum effects, A-level entry policies, careers advice and guidance, the availability of enrichment activities and the impact of specialist teachers. These unobserved characteristics are also likely to act as mediating pathways, and are therefore taken into account in the final formulation of the model, model 4, which is defined as follows, using a linear probability model for outcome y ijt :
Where y ijt =α +βS ij + γT t +δD ij + ρA ij + τ j I j + u j + ε ijt
The coefficient β is interpreted as the change in probability of choosing at least two facilitating subjects (or two 'less suitable' subjects) associated with a change in SES category S ij compared with the baseline (least privileged quintile). T t is a cohort dummy to account for trends in subject choice over the three pooled cohorts. D ij are demographic variables, A ij is prior attainment and I j are observed school level characteristics. The u j s are school level residuals and ε ijt s are individual level residuals.
The unobserved school level residuals are dealt with by using school fixed effects in model 4 to control for all differences in schools, both observed and not, so disentangling the relationship of subject choice with SES from that relating to schooling by effectively comparing students of different backgrounds within the same school.
An alternative multilevel method of estimating both individual and school level associations with subject choice is to use a random effect estimator. Clarke, Crawford, Steele, and Vignoles (2013) suggest that the fixed and random effect estimators should give similar results either where there are large numbers of observations per school, or the variation between schools is small compared with that within schools. The random effects estimator is the weighted average of the between group and within group (fixed effect) estimates -in this case the groups are schools. Both conditions hold in this administrative data; there are large numbers of observations per school and the proportion rho of the total variation in the outcome measures due to school level clustering is small (0.11 for the facilitating subject outcome and 0.12 for the 'less suitable' outcome). The advantage of using the random effects approach is that it allows coefficients on observed school level variables to be estimated, but it requires a more problematic assumption than fixed effects, that u j and ε ijt are mutually independent and have zero means given the values of the remaining explanatory variables. In practice this means that unobserved school characteristics which make a difference to subject choice outcomes, such as the IAG given to students, must not be correlated with their social background. As they are likely to be correlated in this case the fixed effects method is used, and the random effect results are noted only.
Data
I use individual level administrative Key Stage 5 (KS5) data for three cohorts from the NPD. This contains detailed attainment data by subject for those students taking one substantial level 3 qualification (defined as at least the size of one A level -180 guided learning hours per year) in 09/10, 10/11 and 11/12, and individual level characteristics from the spring School Census for students in state schools. These cohorts are linked to KS2 (age 11) attainment data relating to normal progression through school, and to KS4 (GCSE age 16) data with both attainment and School Census variables which are used when School Census data at KS5 is missing. The databases contain school identifiers allowing schools to be matched to Edubase, which provides school level variables (school gender and selectivity). The sample is restricted to those taking three or more A-levels excluding general studies and critical thinking, as they are those with a realistic chance of admission to a highly selective university. I recognise that by only including those doing A-levels a large proportion of lower SES students are excluded from analysis because of prior selection, but my aim is specifically to examine choices made by those who have already decided to stay in the post-compulsory academic cohort and who are most likely to attend university. Table 1 shows the socioeconomic gradient of state school students taking A-levels compared with the year 11 state school cohort as a whole: those staying on to take at least one A-level are privileged compared with their year 11 peers with only 8.8% coming from the bottom year 11 quintile and 32.1% coming from the top, and the three A-level cohort is slightly more privileged still.
To be in a cohort, students must be completing their studies in that year, and be aged 18 or younger on 31 August. Those taking the International Baccalaureate or Cambridge Pre-U qualification without three A-levels are excluded from this analysis because of their small numbers (Vidal Rodeiro et al., 2013) . Students taking BTEC are also excluded as they represent a very small proportion of English 18-year-old entrants to high tariff British universities; 2% of those accepted in 2014 hold the equivalent of ABB or better from BTEC compared with 77% from A-levels (UCAS, 2014).
If a student does four A-levels it is possible that they appear as positives for both outcomes. Only 1,637 students in the sample do at least two facilitating and at least two 'less suitable' subjects. The analysis of the at least two 'less suitable' subject' outcome was rerun, excluding these students. For all model specifications SES coefficients were within a very small margin (.001) of those for the full sample. Table 2 shows differences in A-level outcome by student characteristics. Male students are much more likely to take facilitating subjects (51.5% compared with 38.8% of females), although only account for 43.7% of those taking three A-levels. Chinese students are the ethnic group much the most likely to take facilitating subjects (64.0%) followed by Asian students (52.7%) with white students (43.5%) and black students (36.0%) less likely. Much smaller differences in the choice of 'less suitable' subjects are observed by gender, but ethnicity remains important; Chinese students are the least likely to choose these subjects, and white students the most.
The individual data on SES available in the administrative datasets is limited, with the only individual level variable being free school meals eligibility (FSM). Hobbs and Vignoles (2010) suggest that FSM status is a poor proxy for income, and it only allows comparison of those who are at the bottom of the SES distribution (in the case of those doing three A-levels, 5.3%) with those above. The raw difference in choosing facilitating subjects by this measure is 7.4pp, and 2.6pp in 'less suitable' subjects.
In order to investigate the SES gradient across the whole distribution I follow Chowdry et al. (2013) in using a combination of individual FSM data with neighbourhood data to construct a measure of SES. I note that this has problems associated with it (for example being on FSM indicates a level of income deprivation which is already likely to be taken into account in some of the neighbourhood variables (Chowdry et al., 2013) ). As a proxy it is a noisy measure with the error term in its measurement creating an endogeneity bias in the regression equation, skewing the estimated coefficients towards zero (attenuation basis). The models are therefore likely to show a smaller relationship in absolute terms between the outcomes of interest and SES than is actually the case. I use principal components analysis to construct an index of socio-economic background combining the following measures, linked using the student's home postcode at age 16 where available, and where missing at age 18. The variables used to construct the index are:
• Whether a student is eligible for FSM at either or both of age 16 and 18;
• An index of multiple deprivation (available for neighbourhoods containing around 700 households); • The classification of residential neighbourhoods type, based on individual postcodes, and derived from information on housing details and socio-economic characteristics (each postcode contains around 15 households) • Local area measures for around 150 households based on the 2011 census, of the proportion of: o individuals working in higher or lower professional or managerial occupations; o individuals aged 16 and over whose highest educational qualification is national qualification framework level 3 (ie A-level or equivalent) or above; o households that own their home.
Although it is problematic to use dichotomous variables in a principal component analysis (Kolenikov & Angeles, 2009) , only one of the variables in this analysis is binary, and the remainder are continuous, so reducing the problem. Chowdry et al. (2013) construct an SES measure using this method and find their results substantively unchanged if they use FSM together with each of the measures separately. The Kaiser-Meyer-Olkin measure of sampling adequacy for the index I derive using this method is 0.8, suggesting that it is appropriate to consider the common variance as a measure of a latent underlying variable, in this case SES. The three A-level cohort of state school students is split into quintiles according to this measure, with a mean value of 3 across cohorts.
I observe a range of school level characteristics from Edubase. I classify schools as FE and 6 th form colleges and selective or non-selective mainstream state schools. Schools are matched to individual students through their combined Local Authority and Establishment numbers, which remain constant when a school's status changes. Table 3 shows the large differences in subject choice by school type, for those taking at least three A-levels. More than twice the proportion of students at selective schools take at least two facilitating subjects than those at FE colleges, but there are also substantial differences between non selective state schools and 6 th form and FE colleges, despite the relatively similar average GCSE attainment and GCSE subject choice pattern at these types of schools. The converse is observed for 'less suitable' A-levels, with students at colleges around three times as likely to take them than those at selective state schools, and over 6pp more likely than those at non selective schools.
The number of subjects from different categories offered varies considerably by school type. 6 th form colleges typically offer large numbers of A-levels, so facilitating subjects form a relatively small proportion of average provision (28%), compared with 43% at selective schools. Conversely, the mean proportion of 'less suitable' subjects offered by selective schools is 28%, compared with 40% or more at non-selective schools and colleges. The SES quintile measures given in Table 3 show that students at colleges are on average less privileged than those at non-selective schools, who in turn are less privileged than those at selective schools.
Two measures are used for school choice set in each set of models; the total number of A-level subjects offered in the three-year period, and the number of subjects offered from the outcome of interest. A subject is counted within a school's offer if at least three students have taken it during the three years. A limitation of these measures is that all A-level subjects provided by a school are included, where in practice there may be timetabling or other constraints on choice.
Evidence from the Longitudinal Study of Young People in England 2005-6 suggests that around a fifth of KS4 students are not able to take preferred subjects at GCSE; in the majority of cases because of timetable clashes or full classes (Jin, Muriel, & Sibieta, 2011) . A similar effect at Alevel has not yet been investigated, but it is possible that the 'offer' measures overstate the choices actually available to students.
Although A-level subject choices are often made at the end of year 11, I use the school characteristics of the 6 th form attended because those changing school for A-levels are likely to make decisions based on available subjects at the school or college they plan to attend.
A rich set of data is available with which to control for prior attainment. KS2 deciles are constructed according to average point scores in English, maths and science. The relationship of subject choice with KS2 deciles is linear apart from for the top decile. I therefore include standardized average points scores English, maths and science, and a dummy to indicated top decile in KS2. KS1 quintiles are not included in the models as they have negligible effect on model fit, yield largely non-significant coefficients and reduce the common estimation sample by some 20,000 relating to A-level students who could not be found in the KS1 data 11 years earlier and had no other missing variables. Standardized capped GCSE and equivalents points scores are used as overall KS4 controls. An indicator of the number of facilitating A-level subjects a student could potentially have taken is constructed using the number of related 'facilitating' GCSE subjects held at grades A*-C (maths, English literature, separate sciences, languages, history and geography). The number of GCSE grades A*-C in subjects corresponding to 'less suitable' A-level subjects in the taxonomy is also counted to see whether having done these subjects from 14-16 is important in choice of A-levels.
Models are run on 444,467 complete cases from 485,252 students with at least three 'counting' A-levels over the three cohorts. This loss of data and therefore statistical power is not a significant problem given the size of the administrative dataset. Listwise deletion generally results in estimated standard errors that are good estimates of the true ones (Allison, 2001) . The missing cases are slightly more likely to choose at least two facilitating subjects, and less likely to choose 'less suitable' ones, whilst being slightly less privileged. Their absence from the analysis would therefore, if anything, increase the SES gradients observed, so tending to overstate the relationship between subject choice and social background. The missing data is of three main kinds; first, missing data from the School Census (LSOA, ethnicity, FSM, SEN status for some 12,000 students, disproportionately at FE colleges so likely to be lower SES, on average, second, 3,500 students appearing in KS5 not matched to KS4, and finally around 24,000 students with missing attainment data at KS2. Tables 4 and 5 gives the marginal effects from the baseline models, showing the raw results of each of both outcomes, conditioning only on cohort. The socio-economic gap is clear; students from the top SES quintile are 14.9pp more likely than those in the bottom quintile to take at least two facilitating subjects and 7.5pp less likely to take at least two 'less suitable' subjects. These are large differences, given that the overall probability of taking two facilitating subjects is 44.4% and 'less suitable' 23.1pp. A clear gradient in outcomes across SES quintiles can be seen.
Results
Models 2a to 2d of each table show the effect of adding individual level controls, first demographic and then attainment. The addition of demographic controls (model 2a) slightly accentuates the gradient for facilitating subjects to 16.0pp between the top and bottom SES quintiles, dealing with the confounding caused by heterogeneity in demographic covariates by SES. The gradient in choice of 'less suitable' subjects is also increased, to -9.2pp. There are noteworthy differences in subject choice by gender and ethnicity for both outcomes, which will be the subject of future study.
SES, attainment and choice of subjects
Model 2b of each table shows the results of conditioning on attainment aged 11. A substantial proportion of the observed raw difference in facilitating subject choice (Table 4) is mediated by attainment; controlling just for KS2 attainment reduces the SES gap by 5.7pp. Adding GCSE (and equivalents) scores in model 2c reduces the gap by another 5.9pp, which is consistent with facilitating subjects being considered hard. KS2 scores become less important, but an increase of one standard deviation in GCSE scores (37 points with mean 399) is associated with a 21.5pp increase in probability of taking two facilitating A-levels. Model 2d demonstrates the importance of taking GCSE subjects that provide suitable preparation for facilitating A-levels. Controlling for total number of GCSEs, having just one more 'facilitating' GCSE rather than any other is associated with a 7.9pp increase in chance of taking two facilitating A-levels. The role of the overall GCSE score is still important, but less than before. For a student of given GCSE overall attainment and 'facilitating' GCSEs, having extra (useful or 'less suitable') GCSEs is negatively associated with choosing two facilitating A-levels. Controlling for attainment and subject choice at GCSE almost entirely accounts for the gap in A-level facilitating subject choice by SES. Only the top two quintiles differ from the bottom at conventional significance levels, and the gap between the top and bottom quintiles is very small. It is possible that there is some endogeneity bias here; students wishing to take facilitating A-levels for which some hurdle mark has been set may work harder to improve their GCSE score, or choose 'facilitating' GCSE subjects at 14+, and such foresight may be related to social background. If so, the role of GCSEs may be slightly overstated and that of SES understated, but the overall relationship of subject choice with GCSEs would remain much more important than with SES.
Prior attainment is also seen to have a role in choice of at least two 'less suitable' subjects in Table 5 , consistent with their being easier subjects on average. Higher KS2 scores are associated with being less likely to make this choice. Controlling for KS2 results reduces the negative association of higher SES quintile with these subjects, because of the relationship of social background with attainment. Overall GCSE scores are negatively associated with the choice of two 'less suitable' subjects, and model 2c suggests they are more important than KS2 scores. As might be expected, model 2d shows that taking subjects at GCSE corresponding to A-level 'less suitable' subjects makes it more likely that such subjects are taken at A-level too. For students of given overall GCSE score and number of 'less suitable' GCSEs, having more (facilitating or useful) GCSEs is associated with a lower probability of choosing two 'less suitable' A-levels. Including attainment controls completely accounts for the difference between uptake of two 'less suitable' A-levels by social background.
SES, schools and choice of subjects
Model 3 of Tables 4 and 5 includes the addition of school level observable variables. The inclusion of these variables removes the small remaining SES gradient choice of facilitating subjects, indicating some small further mediation by schools of the relationship between social background and subject choice, controlling for ability and demographics.
Whilst Model 3 cannot account for unobserved school effects, it has the benefit of showing how school level observable characteristics in the model relate to subject choice. The first significant school level predictor in each table is the number of subjects by category offered by the school. Tables 4 and 5 suggest the choice of two facilitating two 'less suitable' subjects is sensitive to the number offered, with an increase in uptake of 1.2pp and 1.8pp respectively per additional subject from the category offered, keeping the total number of A-level subjects offered fixed. So, for example, offering five more 'less suitable' subjects rather than useful or facilitating ones , is associated with around 9pp more students taking at least two 'less suitable' ones, from an average of 23.1pp. Holding the number of facilitating subjects constant, increasing the total number of subjects offered is associated with a smaller but significant decrease in probability of taking at least two facilitating subjects (-0.5pp) and a similar but slightly larger relationship is seen with 'less suitable' subjects (-0.8pp).
Students at all boys' schools are 3.7pp less likely to take at least two facilitating subjects (Table  4 ) than those at mixed schools, and conversely 2.5pp more likely to take at least two 'less suitable' ones, controlling for all else.
A significant predictor for both outcomes is school type; whether a student attends a selective or non-selective school, FE or 6 th form college. Students at FE colleges, 6 th form colleges and selective schools are less likely than those at a non-selective school to take at least two facilitating subjects (-7.9pp, -4.8pp and -6.5pp respectively), after controlling for attainment and breadth of choice. Students at selective schools, 6 th form colleges and FE colleges are all more likely to take at least two 'less suitable' subjects. The raw differences observed in subject choice by school type in Table 3 are explained by the difference in attainment, GCSE subject choice, and breadth of A-level offer.
Controlling for unobserved school variables through the fixed effect model 4 shows substantially the same story as model 3 for both outcomes. The SES gap remains very small, with only a 1.1pp difference between the top and bottom quintile for facilitating subjects, and an insignificant gap (at 0.1% confidence) between top and bottom for 'less suitable' A-levels. Unobserved characteristics of schools do not seem to be important in accounting for the SES gap once attainment and GCSE subject choice are taken into account.
Results from the random effects version of model 4 give very similar results to the fixed effect model for the SES gradient for both outcomes.
Discussion and conclusion
This research contributes to the literature by using a new taxonomy to illustrate a clear difference in A-level subject choice patterns by social background. Students from less privileged backgrounds are less likely to choose those subjects described as particularly helpful for highly selective university entry and more likely to choose those that are not, so potentially limiting their future educational trajectory. But these raw differences in A-level choice by social background are effectively removed once attainment and the schools and colleges attended are taken into account, with GCSE subject choices and performance seen to be particularly important.
Although a detailed examination of the usefulness of A-levels for university entry from the categories developed in my taxonomy is the subject of a future paper, prima facie there is a relationship between holding A-levels from particular categories and entry to a highly selective university for students from these cohorts. The differentials in subject choice observed across SES quintile in this study may therefore form part of the reason for the under-representation of students from less privileged backgrounds at highly selective universities.
The models show that even when attainment at age 11 is taken into account, progress made between KS2 and KS4 is significant in the choice of A-level subjects, and it is well established that such progress is related to social background, with children from less privileged backgrounds making less progress on average than their more privileged peers (Allen, 2015; Sammons et al., 2014) , even when they have been high attaining at age 11 (Crawford et al., 2015) . Having good GCSE results is associated with higher chances of taking at least two facilitating subjects, which is consistent with these subjects being considered more difficult than others. Differential take-up is then likely both through schools setting hurdle marks and through students' own sense of whether they are likely to succeed. But it is not just general GCSE attainment as a measure of 'capacity to learn' that matters: particular GCSE subject choice is important too, and this work suggests decisions made at age 14 may have a lasting impact on individual's life chances, Here, too, we know there are differentials by social background, with students from poorer backgrounds less likely to choose the subjects that will provide good preparation for taking facilitating A-level subjects (Allen, 2015) , suggesting an important role for information, advice and guidance at age 14. Providing A-level subject choice guidance at age 16, such as 'Informed Choices', may be too late. The GCSE subject choice problem is being addressed to an extent through the introduction of the EBacc, but it will take some time for this to work through: the first cohort for which the EBacc is compulsory will take GCSEs in 2020.
The main way schools can mediate the relationship between social background and A-level subject choice is through reducing the GCSE attainment and age 14 subject choice gap. This work suggests that other characteristics of schools are relatively unimportant in closing the SES gap, although they can make a difference to A-level subject choices. Most obviously, in order to meet the needs and interests of their particular students and because of the size of their cohort, schools will make different decisions about the subjects they offer. Providing choice is desirable, but can also result in decisions which limit future options. It therefore seems particularly important that where students have a large choice of subjects, good IAG is available to help them decide which to take. The significant negative association of taking two facilitating A-levels with going to FE or 6 th form college, even after taking account of the number of such subjects offered, suggests that particular efforts might be needed to make sure that students going to colleges are making well informed decisions. This may be challenging given that many are likely to be going to college specifically to take subjects not available at their existing school, and that the opportunities for the provision of IAG may be limited before students arrive to take up their studies. Grammar schools are an interesting case: the high proportions of students taking at least two facilitating A-levels (and conversely not taking 'less suitable' A-levels) is because of the high GCSE scores and 'facilitating' GCSE choices of their students and the weight in A-level provision towards facilitating subjects. Net of these relationships, students at grammar schools are less likely to take at least two facilitating subjects and more likely 'less suitable' then non-selective school students.
The cohorts in this study chose their A-level subjects before the Government's AAB in at least two facilitating subjects performance indicator was introduced. Whether this indicator makes a difference first to the proportion of state school students taking facilitating A-levels, and second to the proportion of state school entrants to highly selective universities remains to be seen. The measure is likely to cause shifts away from useful, more limited suitability and less effective preparation subjects and towards facilitating ones, at least for high attaining students, and indeed almost all 'less effective preparation' subjects are being removed from teaching under current reforms (Ofqual, 2014) . But the introduction of this measure is unlikely to solve the more fundamental problem with A-level subject choice suggested by this paper, that differential attainment and GCSE choice by social background by students equally well qualified at age 11 contributes significantly to the observed differences in A-level choice. The evidence suggests that students staying on to take three A-levels will choose facilitating subjects, from whatever background they come, if they have good GCSE scores in helpful subjects. Improving both the overall attainment of lower SES students and ensuring they have good advice on GCSE subject choice at age 14+, as well as good advice on A-level subject choice at 16 (particularly where there are a large number of options open to them) seem the most likely routes to address the subject choice gap.
Further work is needed to examine the extent to which A-level subject choice accounts for the gap in admission to highly selective university by SES, and the extent to which this varies by course applied for, as well as whether the introduction of the facilitating subject performance indicator achieves its intended aims. Examining further the unexplained school level differences, for example the availability of specialist A-level teachers through linking this data with the School Workforce Census, as well as individual level differences in subject choice such as ethnicity also seem fruitful areas for further study. 
